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ABSTRACT

The risk for acquiring human papillomavirus (HPV) infections and associated diseases is lifelong. An
important part of prophylactic HPV vaccine development is durable protection against infection and
disease. With comprehensive long-term follow-up (LTFU) in adolescents, men, and women, the quad-
rivalent HPV (gqHPV) vaccine demonstrated durable effectiveness, immunogenicity, and safety, with
almost no breakthrough disease. Those who received a placebo during initial trials were offered the
gHPV vaccine at study conclusion and continued to be followed in LTFU extensions. In this catch-up
vaccination group, LTFU demonstrated protection even in individuals with current or prior HPV infection
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after approximately 3 years. The initial efficacy and durable long-term effectiveness of the gHPV vaccine
have already translated to a real-world reduction in cancer and cancer precursors. To date, there is no
evidence of waning protection; evidence suggests that vaccination ultimately provides strong protection
against future disease, with effective prophylaxis even among those with past infections.

Human papillomavirus (HPV) causes cancers and other diseases.
An estimated 85% of sexually active women and 91% of sexually
active men acquire HPV at some point during their lifetime."
Clearly, vaccination prior to HPV exposure provides the broadest
protection, but given the lifetime risk of infection, the HPV
vaccine should also provide durable protection to maximize
benefit. To address the durability of protection, the World
Health Organization (WHO) considers long-term follow-up
(LTFU) evaluation of effectiveness, immunogenicity, and safety
an integral part of prophylactic HPV vaccine development.”

Some older adults remain at risk for HPV infection through-
out their lives and might benefit from vaccination later in life
(catch-up) if they were not vaccinated as adolescents.’ Indeed, in
per-protocol analyses, the quadrivalent HPV (qHPV) vaccine
demonstrated 94.1% efficacy against cervical dysplasia (any
grade) related to vaccine HPV types 6/11/16/18 in women up
to age 45 years in the global FUTURE III study” and 100%
efficacy in a separate study in China.’

Data from men and women with a history of HPV-related
diseases further support the potential for HPV vaccination to
protect adults.® In a retrospective analysis of data from two
qHPV vaccine efficacy studies in young women who underwent
cervical surgery or were diagnosed with genital warts or vulvar/
vaginal disease related to infection present before vaccination
(Figure 1), prior qHPV vaccination was associated with
a significant reduction (46.2—64.9% for those who underwent
cervical surgery; 35.2% for those diagnosed with infection-
related disease) in any subsequent HPV-related disease, includ-
ing high-grade disease.® Other studies demonstrated that HPV
vaccination before and after surgical treatment for cervical
lesions reduced the risk of subsequent cervical intraepithelial

neoplasia (CIN) grade 2 or higher, related to HPV16/18 (88.2%
efficacy 60 days or more post-surgery),® and the risk of recurrent
CIN 2-3 post-surgery was higher in qHPV vaccine non-
recipients compared with recipients (hazard ratio [HR]
2.840).° In a nonconcurrent cohort study of young men who
have sex with men (MSM) with a history of anal high-grade
squamous intraepithelial lesions (HSIL), a positive oncogenic
HPYV test was associated with an increased risk of recurrent anal
HSIL, while qHPV vaccination was associated with a significant
reduction in anal HSIL recurrence within 2 years post-treatment
(HR 0.47) when compared with unvaccinated MSM.”

From the initial approval of the qHPV vaccine, individuals
and clinicians have rightfully questioned the duration of qgHPV
vaccine effectiveness as well as its utility in those with prior HPV
infection. Some delayed vaccination until post-adolescence to
prevent waning immunity in later years or forwent vaccination
entirely because of prior infection. Long-term follow-up of
effectiveness and safety was critical to inform clinical decisions.
Of note, induction of durable effectiveness following a complete
regimen of qHPV vaccine was deemed possible since vaccina-
tion with three doses of qHPV vaccine was shown to induce
long-term immune memory.'® Moreover, vaccination with
three or four doses of hepatitis B vaccine, another recombinant
protein vaccine, demonstrated long-term protection.''

Overview of gHPV vaccine LTFU data

Four qHPV vaccine studies were designed to evaluate the long-
term effectiveness of the qHPV vaccine in clinical trial partici-
pants over 10-14 years follow-up (Table 1).'>'*'”?° The qHPV
vaccine LTFU study recently reported by Maldonado et al.
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Figure 1. Time to detection of any HPV-related disease (a) or vulvar or vaginal disease (b) after cervical surgery; and of any HPV-related disease (c) or any cervical
disease (d) after diagnosis of vulvar or vaginal disease. Case counting began 60 days after surgery or diagnosis. *Cervical intraepithelial Grade 1 or worse, genital
warts, vulvar intraepithelial neoplasia Grade 1 or worse, or vaginal intraepithelial neoplasia Grade 1 or worse. 'Genital warts, vulvar intraepithelial neoplasia Grade 1 or
worse, or vaginal intraepithelial neoplasia Grade 1 or worse. *Cervical intraepithelial Grade 1 or worse. Reused from Joura et al.° Through Creative Commons Open

Access CC BY-NC license.

Table 1. Summary of gHPV vaccine LTFU studies.

Base study LTFU
Study
[Total follow-up] Population Design and follow-up Population Design and follow-up
Study 019" F: 24-45 y from 4-y double-blind efficacy, F: 24-45 y? at sites in Colombia, in  10-y follow-up
NCT00090220 7 countries immunogenicity, and safety study®'®> 2 cohorts Open-label LTFU for efficacy,
[10 y follow-up] ® gHPV vaccine: ® EVG*:n=685 immunogenicity, and safety
n=1910 ® (VG n=651 Key effectiveness endpoint:
® Placebo: ® HPV6/11/16/18-related
n=1907 CIN or condyloma

Study 020"
NCT00090285
[10 y follow-up]

Study 015"
NCT00092534
[22 y follow-up
(14 y completed)]

Study 018%°
NCT00092547
[10 y follow-up]

M: 16-26 y from
18 countries

® gHPV vaccine:

n=2032
® Placebo:
n=2033

F: 16-23 y from
13 countries

® gHPV vaccine:

n=6087
® Placebo:
n = 6080
M/F: 9-15 y from
10 countries

® gHPV vaccine:

n=1179
® Placebo:
n=>596

3-y double-blind efficacy,
immunogenicity, and safety
Study15‘16

4-y double-blind efficacy,
immunogenicity, and safety
Study18,19

3-y double-blind immunogenicity and
safety study?’

M: 16-26 y from 16 countries, in 2
cohorts
® EVG»:n=936
® (VG n=867

F: 16-23 y from Denmark, Iceland,
Norway, and Sweden
® EVG®: n=2650

M/F: 9-15 y from 9 countries
® EVG™n=821
® (VG“n=424

10-y follow-up
Open-label LTFU for efficacy,
immunogenicity, and safety
Key effectiveness endpoint:
® HPV6/11/16/18-related EGL
® HPV6/11/16/18-related AIN
(among MSM)
22-y follow-up
Registry-based follow-up
(14 y completed: further
extension ongoing)
Key effectiveness endpoint:
® HPV16/18-related CIN2+
10-y follow-up
Open-label LTFU for efficacy,
immunogenicity, and safety
Key effectiveness endpoint:
® HPV6/11/16/18-related dis-
ease
or persistent infection

2LTFU data from the subset of women aged 27-45 years at vaccination are included in the Maldonado et al publication.'
PEVG participants received gHPV vaccine at the start of the base study.
CVG participants received placebo at the start of the base study and catch-up vaccination with qHPV vaccine once efficacy was demonstrated.

AIN, anal intraepithelial neoplasia; CIN, cervical intraepithelial neoplasia; CVG, catch-up vaccination group; EGL, external genital lesion; EVG, early vaccination group;
LTFU, long-term follow-up; MSM, men who have sex with men; y, year.



(Study 019) in this journal involved women aged 27-45 years
who participated in the FUTURE III base study at sites in
Colombia.'” Two prior open-label LTFU extensions of rando-
mized, placebo-controlled, Phase 3 efficacy, immunogenicity,
and safety studies have been reported: Study 020 had a similar
design as the Maldonado et al. study and included young men,
both heterosexual and MSM,'* while Study 015 leveraged
Nordic national registries to evaluate vaccine efficacy in young
women compared with historical rates in an unvaccinated
population.'” Study 018 involved LTFU extension of a placebo-
controlled immunogenicity and safety study in boys and girls
vaccinated at the age of 9-15 years.”” While effectiveness could
not be evaluated in that base study, given young adolescents are
not typically exposed to HPV, the LTFU included an evaluation
of effectiveness during the LTFU period, as the participants
reached age >16 years. The LTFU extensions from all four base-
line studies were carried out in the same rigorous fashion as the
initial studies. Individuals were seen yearly and lesions suspi-
cious for HPV-related disease were biopsied. Pathology panel
evaluation was performed on all biopsy specimens, and HPV
typing was conducted to determine endpoint attribution.
Across all four studies, no breakthrough HSIL was observed
in per-protocol analyses during LTFU among participants vac-
cinated at the beginning of the base study (Table 2). In women
who received the qHPV vaccine at age 27-45 years at the start of
FUTURE 111, there were no cases of HPV6/11/16/18-related
CIN or condyloma after a maximum follow-up of 10.1 years
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(median: 8.9 years) after the third vaccine dose.'? Similarly, in
women who received the qHPV vaccine at age 16-23 years in
FUTURE 1I, there were no cases of HPV16/18-related high-
grade CIN after a maximum follow-up of 14.0 years (median:
11.9 years); vaccine effectiveness was 100% (95% CI: 94.7-100.0)
compared with an unvaccinated population."” Among the
young men vaccinated with the qHPV vaccine at the start of
Study 020, there were no cases of HPV6/11/16/18-related exter-
nal genital lesions (EGL) and no cases of HPV6/11/16/18-
related anal HSIL during LTFU after a maximum follow-up of
11.5years (median: 9.5years).'"* There was a single case of
breakthrough anal low-grade dysplasia (LSIL) among MSM
during LTFU for Study 020. Two HPV types, HPV6/58, were
identified in the lesion, of which HPV6 was a vaccine type,
hence the LSIL was defined as a breakthrough case.'* Finally,
in Study 018, no cases of HPV6/11/16/18-related cervical or
external genital neoplasia were observed during LTFU after
a maximum follow-up of 10years (median: 9.9 years).”® The
rates of HPV6/11/16/18-related persistent infection among
Study 018 participants vaccinated at age 9-15 years were low
and within the ranges observed in the vaccinated cohorts in
previous efficacy studies.

In each of the placebo-controlled qHPV vaccine trials,
participants randomized to placebo were offered catch-up
gqHPV vaccination at the end of the base study.'*'®'”*
Such catch-up vaccination groups (CVGs) were followed dur-
ing LTFU in men aged 16-26 years (Study 020), women aged

Table 2. Summary of the effectiveness endpoints in the qHPV vaccine LTFU studies (per-protocol analyses).

EVG

VG

Study [population]

Endpoint Cases/n Incidence rate Cases/n Incidence rate Vaccine efficacy/effectiveness (95% Cl)
Study 019'? [27-45-year-old females]
HPV6/11/16/18-related CIN and condyloma
Base study 0/528 0.0/10,000 PY 13/528  72.8/10,000 PY 100 (71.1-100)*
LTFU 0/529 0.0/10,000 PY - - -
Study 020" [16-26-year-old males]
HPV6/11/16/18-related EGL
Base study 2/731 11.6/10,000 PY 23/704  140.4/10,000 PY 91.8 (69.4-98.6)%
LTFU 0/730 0.0/10,000 PY - - -
HPV6/11/16/18-related AIN or anal cancer (among MSM)
Base study 4/88 226.5/10,000 PY ~ 20/109  906.2/10,000 PY 75.0 (27.7-92.2)
LTFU 1/84 20.5/10,000 PY - - -
Study 015" [16-23-year-old females]
HPV16/18-related CIN2+
Base study + LTFU 0/2121 0.0/100 PY - - 100 (94.7—100)b
Study 018%° [9-15-year-old males and females]
HPV6/11/16/18-related CIN
Girls (LTFU) 0/227 0.0/100 PY 0/83 0.0/100 PY -
HPV6/11/16/18-related EGL
Girls (LTFU) 0/259 0.0/100 PY 0/96 0.0/100 PY -
Boys (LTFU) 0/179 0.0/100 PY 0/62 0.0/100 PY -
HPV6/11/16/18 persistent infections (=6 months)
Girls (LTFU) 3/257 0.3/100 PY 1/94 0.3/100 PY* -
Boys (LTFU) 5/177 0.6/100 PY 1/62 0.4/100 PY¢ -

The per-protocol effectiveness population included EVG participants who received all three vaccine doses, were seronegative at Day 1 and PCR-negative from Day 1
through Month 7 of the base study for the HPV type being analyzed, had no protocol violations that could affect vaccine efficacy evaluation, and attended at least
one visit during LTFU. Per-protocol analyses were not conducted for CVG participants because their last PCR and serology testing was at their last base study visit, and

the gHPV vaccine was given only after a lag.

Vaccine efficacy relative to CVG during base study (i.e., placebo), calculated as 100 x (1-incidence in EVG/incidence in CVG).
BVaccine effectiveness measures the relative reduction of the disease incidence in vaccine recipients compared with the baseline incidence rate of 0.287/100 person-years

established from the incidence rate in an unvaccinated cohort.

“Rates of HPV6/11/16/18-related persistent infection among Study 018 participants were low and within ranges observed in vaccinated cohorts in previous efficacy studies.”®
AIN, anal intraepithelial neoplasia; ClI, confidence interval; CIN, cervical intraepithelial neoplasia; CVG, catch-up vaccination group; EGL, external genital lesion;
EVG, early vaccination group; LTFU, long-term follow-up; MSM, men who have sex with men; PPE, per-protocol effectiveness; PY, person-years.
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24-45years (Study 019), and boys and girls aged 9-15 years
(Study 018) and can provide some information about the
effects of delayed vaccination.'>'*** Given the delay of vacci-
nation by 3-4 years, CVG participants in Studies 019 and 020
were older and had more sexual partners at the time of gHPV
vaccination compared with their counterparts who were ran-
domized to qHPV vaccine at the start of the base study.
Consistent with this, some individuals became infected with
HPV during the base studies. In the CVG of Study 020, 15% of
the men were seropositive for any vaccine HPV type prior to
catch-up vaccination, while only 7% were seropositive at Day 1
of the base study.'* Women in the CVG who were 27-45 years
of age at baseline of Study 019 were age 32-50 years prior to
catch-up vaccination and 31.7% and 32.4% were seropositive
for any vaccine HPV type at baseline and before vaccination,
respectively.'” Despite this, the incidence rates of HPV6/11/16/
18-related disease endpoints were markedly lower among both
women (Study 019) and men (Study 020) in the CVG during
the LTFU period (i.e., after gHPV vaccination) in comparison
to the base study period (i.e., before qHPV vaccination)
(Table 3). Furthermore, in the LTFU extension of the
FUTURE II study,'” a vaccine effectiveness analysis was con-
ducted among women with serologic evidence of prior HPV
infection (serology-positive), but without active infection
(PCR-negative) prior to vaccination in the base study. No
cases of HPV6/11/16/18-related cervical/vulvar/vaginal disease
were observed over 14 years based on 4064.6 person-years of
follow-up.'” Accordingly, HPV vaccination may be effective in
preventing lesions in individuals with serologic evidence of
prior HPV infection.

In the analysis of HPV6/11/16/18-related anal intraepithe-
lial neoplasia (AIN) among MSM from the CVG of Study 020,
a ‘washout’ phase was observed in the number of events over
time from vaccination, with most events occurring early
(Figure 2).M Indeed, all five of the cases of AIN in the CVG
occurred in the first 3 years after vaccination. These early cases

were likely due to a prevalent infection, followed by a plateau
in event occurrence with increased time since vaccination.'*

Across the qHPV vaccine LTFU studies, anti-HPV6/11/16/
18 antibodies peaked at Month 7, declined sharply through
Month 12-24 and more gradually thereafter, and persisted
through at least 10 years of follow-up."*'*'7*°

Consistent with the established safety profile of the qHPV
vaccine, no vaccine-related serious adverse events (AEs) were
reported during LTFU in the studies that included clinical
follow-up visits.'>'*°

Commentary

The described LTFU data from clinical trials show that the
qHPV vaccine provides durable prevention of high-grade pre-
cancers across female and male populations.'*'*'”** The
results were remarkably consistent across the LTFU studies,
which included substantially different populations, not only in
terms of gender and age but also in terms of geographic
regions and income levels. While the LTFU study in women
27-45 years of age included participants from a single middle-
income country (Colombia),'” the vaccine was similarly effec-
tive in younger women aged 16-23 years from high-income
countries (Nordic),'” and the young men and adolescents from
multiple countries in global studies.'*** Observed disconti-
nuation rates in Studies 018, 019, and 020 (which involved
periodic clinical assessments of study participants) during
LTFU were approximately 4-6% per year, which was similar
to base study rates; discontinuation was primarily due to loss
to follow-up or withdrawn consent.'*'*** In Study 015, which
was a registry-based, passive follow-up for effectiveness, only 1
participant (<0.1%) withdrew consent.'”

The results from CVG participants provide evidence that
unvaccinated adults continued to be at risk for new HPV
infection and disease related to the four vaccine types.
However, once vaccinated, these individuals derived subse-
quent protection from the disease after a “wash-out” period

Table 3. Summary of the effectiveness endpoints in the gHPV vaccine LTFU studies (intention-to-prevent analyses).

Study [population] EVG QvG
Cases/ Incidence per 10,000 Cases/ Incidence rate per 10,000 EVG vs CVG risk reduction
Endpoint n person-years (95% Cl) n person-years (95% Cl) estimates (95% ClI)®
Study 019'? [27-45-year-old females]
HPV6/11/16/18-related CIN and
condyloma
Base study 1/587 4.3 (0.1-24.1) 17/573 75.8 (44.1-121.3) 94.3 (65.8-99.7)
LTFU 0/586 0.0 (0.0-11.3) 0/557 0.0 (0.0-14.8) -
Study 020" [16-26-year-old males]
HPV6/11/16/18-related EGL
Base study 8/848 32.7 (14.1-64.5) 35/791 115.1 (108.0-215.7) 78.9 (53.9-91.2)
LTFU 0/848 0.0 (0.0-6.6) 0/740 0.0 (0.0-10.2) -
HPV6/11/16/18-related AIN or anal
cancer (among MSM)
Base study 5/105 188.2 (61.1-439.2) 27/119 886.0 (583.9-1289.1) 78.8 (46.3-92.2)
LTFU 1/101 17.2 (0.4-96.1) 5/96 101.3 (32.9-236.3) 83.0 (—26.8-99.3)

The intention-to-prevent population included participants who received at least one vaccine dose were seronegative and PCR-negative for the HPV type analyzed prior
to qHPV vaccination (i.e., at Day 1 of the base study for EVG participants; from Day 1 of the base study to the last follow-up visit prior to vaccination with gHPV vaccine

for CVG participants) and had at least one LTFU visit.

“Risk reduction refers to the percent incidence reduction in the EVG versus CVG during the indicated period, calculated as 100 X (1 - incidence in EVG/incidence in
CVG). During the LTFU study, the comparison of EVG and CVG represents comparison of incidence in similarly gHPV vaccinated groups.

AIN, anal intraepithelial neoplasia; Cl, confidence interval; CIN, cervical intraepithelial neoplasia; CVG, catch-up vaccination group; EGL, external genital lesion;
EVG, early vaccination group; LTFU, long-term follow-up; MSM, men who have sex with men.
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Number at risk (number censored)

Early vaccination group 106 (0) 105 (0) 101 (0) 101(1)
Catch-up vaccination group 102 (1) 99 (5) 93(13) 78 (6)
Number of cumulative cases
Early vaccinationgroup 0 1 5 5
Catch-up vaccinationgroup 2 3

Time since day 1 (years)

100(8) 92 (11) 81(16) 65(4) 60(4) 56 (17) 39(39)
72(4)  68(18)  50(48) 202) 0(0) 0(0) 0(0)
5 5 5 5 6 6 6

5 5 5 5 5

Figure 2. Cumulative incidence of anal intraepithelial neoplasia and anal cancer related to HPV6, 11, 16, and 18 in men who have sex with men vaccinated with the
quadrivalent HPV vaccine in the long-term follow-up study. Error bars show 95% Cls. Data for the modified intention to treat populations of the early vaccination group
and catch-up vaccination group are shown. Reused from Goldstone et al.,'* with permission from Elsevier.

of approximately 2 years.'* Furthermore, post-hoc analyses of
qHPYV vaccine clinical trial participants who underwent sur-
geries to remove lesions showed that prior qHPV vaccination
was effective at preventing subsequent disease in men and
women.’™ These findings, together with demonstration of
durable effectiveness across the LTFU studies, suggest that
vaccinated adult populations can continue to benefit from
reduced disease risk over the long term. While it is preferable
to vaccinate individuals prior to sexual debut and exposure to
HPV, individuals who were not vaccinated as young adoles-
cents may still benefit from delayed HPV vaccination, even in
the face of active disease and infection. This harkens back to
the baseline studies in females where even those previously
infected with vaccine types and without active infection at the
time of qHPV vaccination developed significant protection
from vaccine (efficacy against HPV6/11/16/18-related cervical
dysplasia: 100% [95% CI: 12.7-100]; in this group of study
participants, efficacy against
HPV6/11/16/18-related condyloma 100% [95% CI: 28.3-100];
efficacy against HPV6/11/16/18-related persistent infection:
66.8% [95% CI: 3.8-90.5]) when compared to those who
received placebo.*** The delay in significant efficacy is prob-
ably also related to this “wash-out” phenomenon of clearance
of prevalent vaccine viral types followed by protection from
vaccine against reinfection and possible reactivation. HPV
based on L1 virus-like particle vaccines are prophylactic and
do not have therapeutic effects.

The four LTFU studies all involved a 3-dose regimen of the
qHPV vaccine.'">'*'7** Moreover, robust immune memory
responses were observed following the antigen challenge at
5 years post-primary dose series.'” There is interest in alterna-
tive dosing regimens to facilitate broad implementation of HPV
vaccination.”> HPV vaccination is now widely licensed and
recommended as a 2-dose series in young adolescents, adminis-
tered 6-12 months apart.***° Persistent antibody responses to
a 2-dose regimen of the gHPV vaccine through 10 years have

been shown in a clinical trial in girls vaccinated at age 9-13 years
of age, which were non-inferior to those observed in women
aged 16-26 years who received a 3-dose regimen.”’” The long-
term effectiveness of the 2-dose regimen was inferred based on
these results. In 2019, the WHO proposed that some countries
with operational and programmatic issues may adopt an
extended interval (3-5years) between the two doses;*®
a clinical study is ongoing to rigorously assess the immunogeni-
city and safety of extended interval 2-dose regimens.” In 2022,
the WHO proposed that each country could decide to imple-
ment alternative, off-label regimens, including a 2-dose schedule
in all age groups or a 1-dose schedule for individuals aged 9-20
years.” Studies have demonstrated that the licensed 2- and
3-dose regimens elicit high-level, long-term protection in multi-
ple demographic groups. It will be critical to rigorously assess
whether a single-dose HPV vaccine regimen induces similar
long-term protection.

While efficacy against subsequent invasive cancers could not
be evaluated directly in the context of a clinical trial due to the
rarity of disease and length of time between infection and cancer
development, there is strong evidence that treating high-grade
precursor lesions prevents cancer. It is well established that
definitive treatment of high-grade cervical disease can prevent
progression to invasive cervical cancer.”® The ANCHOR trial
similarly showed that in people living with HIV, treating anal
HSIL reduced the risk of anal cancer by approximately 60%,
compared with close monitoring alone.”" Indeed, emerging real-
world observations in the decades following HPV vaccine licen-
sure demonstrate decreases in incidence of invasive cervical
cancer in vaccinated populations.®*® Thus, it is reasonable to
expect that decreases in HPV-related surrogate endpoints (e.g.,
precancers) observed in LTFU studies will correspondingly
impact associated cancers.

The observed response durability together with the clear
connection between vaccine efficacy against surrogate end-
points (e.g., precancers) in clinical trials and decreases in
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invasive cervical cancer in real-world studies is promising for
vaccine use in the context of HPV-related head and neck
cancer prevention. The burden of HPV-related head and
neck cancer is substantial.>” Routine screening is lacking, and
treatment of precancers is not possible in this context. As such,
HPV vaccination currently represents the only approach for
cancer prevention. While gHPV vaccine efficacy against oral
HPV infection and oropharyngeal cancer has not been directly
evaluated in large prospectively designed clinical trials, lower
rates of oral infection with qHPV vaccine HPV types have been
reported in vaccinated cohorts.’®*™*! A clinical trial (Study 049)
was recently initiated to directly evaluate 9-valent HPV vaccine
efficacy against HPV oral persistent infection, a possible end-
point for HPV-related head and neck cancer.*’

Editorial opinion summary

In clinical trials, the qHPV vaccine demonstrates durable effec-
tiveness through 10+ years LTFU in women aged 27-45 years,
consistent with observations in younger populations of women
and men. Vaccination of young adolescents is ideal, but age and
history of HPV infection should not be a barrier to vaccination.

The US Advisory Committee on Immunization Practices
(ACIP) recommends routine catch-up HPV vaccination for
individuals through age 26 years.” Blanket catch-up vaccina-
tion of all adults aged >26 years is not currently recommended,
although it is recognized that some adults aged 27-45 years
who are not adequately vaccinated might benefit from
vaccination.” For this age group, shared clinical decision-
making is recommended between provider and patient to
determine if vaccination is warranted. Certain populations
are at even higher risk for HPV-related disease, including
immunocompromised individuals (e.g., people living with
HIV, transplant recipients, and people receiving immunother-
apy or chemotherapy), MSM, and transgender people, and are
most likely to benefit from catch-up vaccination.

Questions remain regarding the best use of screening to
reduce HPV-related disease burden alongside vaccination. For
cervical and anal cancer, it is unclear whether screening prac-
tices will shift toward testing for HPV infection and away from
cytological testing. Patients experience some morbidity and
negative impact on quality of life related to screening proce-
dures. Moreover, once detected during screening, further care
is needed to deal with infection and treat HPV-related pre-
cancers and cancers. The durable effectiveness of HPV vac-
cines could lead to significant benefits over screening alone in
terms of both psychosocial and physical well-being and cost
savings as such post-screening care would not be required.

The efficacy seen in the CVG after a “wash-out” period has
multiple clinical implications that clinicians and individuals
should consider when discussing the utility of catch-up vacci-
nation. A recommendation for catch-up vaccination should
not be withheld even if there is evidence of prior infection or
HPV-related disease. In fact, the LTFU studies'>'*'”*° as well
as other prior studies®® demonstrated post-treatment reduc-
tion in disease recurrence for women and men. This also has
potential implication in post-treatment surveillance

algorithms (possibly lengthening intervals in those disease-
free 3 years post-vaccination), but real-world data will be
required before any such changes.

While HPV vaccines are indicated in individuals 9 years
and above (with no upper age limit) in certain countries,
they are only indicated in individuals 9-45 years of age in
other countries. In the latter situation, off-label catch-up vac-
cination may be considered even in those who might suddenly
find themselves at increased risk for HPV-related disease and
post-treatment recurrence because of immune compromise.
Individuals in this category could include those living with or
at increased risk for HIV infection (intravenous drug users, sex
workers, and MSM with multiple partners), those placed on
solid-organ transplant lists, and those requiring immune mod-
ulating medication or chemotherapy. Individuals at risk for
new HPV infection and possible disease, including those hav-
ing new or multiple sexual partners, might also benefit from
protection afforded by catch-up vaccination irrespective
of age.

The LTFU data pointing to continued vaccine effectiveness
should not hinder vaccination in those between the recom-
mended 9-11 years of age because of a fear of waning immu-
nity by the time of sexual debut. Moreover, there are no
current data supporting the need for booster vaccination.

Last but not least, these new data further emphasize the
strong benefit of vaccination in low resource locations.
Vaccinating children in areas where routine screening for HPV-
related disease is limited can obviously reduce the number of
individuals at risk for cancer who would not be identified at
a precancerous stage. For those with the disease, catch-up vac-
cination at the time of treatment can potentially reduce the risk
for recurrent disease and cancer, especially in settings with low
potential for post-treatment evaluation.

The LTFU data show that the qHPV vaccine (and probably
the 9-valent HPV vaccine by extension) supports continued
effectiveness and safety for up to over 10 years without the
need for booster vaccination. While gHPV vaccination should
occur before potential exposure, catch-up vaccination is effec-
tive even in those with prior disease and should be offered.
Other individuals at increased risk of HPV-related diseases
should be offered catch-up vaccination, potentially even if
they are over 45 years of age.
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